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a b s t r a c t
The target of this research was to scrutinize a creeper plant, that is, Combretum indicum as a novel, 
eco-friendly, easily attainable and low cost biosorbent for the targeted metal ions’ removal. Ni(II) 
and Cu(II) ions were withdrawn from their aqueous solution by using the biosorbent. The said 
biomass was studied and characterized in detail via multiple analyzing techniques including 
scanning electron microscopy-energy-dispersive X-ray analysis, thermogravimetry, Brunauer–
Emmett–Teller surface analysis and Fourier-transform infrared spectroscopy. After the thorough 
analysis the optimum dosage of C.I. was found to be 0.5 g for both adsorbates. The optimum 
time of contact for C.I. was 25 min for Cu(II) and 30 min for Ni(II) metal ions. Optimum pH was 
found to be acidic. The maximum adsorption capacities for Ni(II) and Cu(II) were found to be 
27.8 and 12.1 mg/g, respectively. Equilibrium modeling revealed that experimental data fits best 
in Freundlich’s isotherm for both metals. The thermodynamic research depicted the process as 
spontaneously occurring and endothermic. The biosorption of the metal ions was in accordance 
with the pseudo-second-order kinetic model.
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1. Introduction

Our world today is a much better place to live in 
because of the technological advancements and the devel-
opments mankind has made worldwide. Unfortunately, 
this betterment of the globe is coming at a big cost, that is, 
ever increasing pollution and water contamination. Several 
industrial actions happening around the world are the main 
reasons for the contamination of water, water bodies and 
sediments etc. [1,2]. These increasing amounts of the con-
taminants have exceeded the set limits by Environmental 
Protection Agency and World Health Organization. Mostly 
these pollutants are of non-biodegradable origin metal ions 
[3]. These metal ions especially nickel and copper are at 

the list’s top among the pollutants that have contributed 
in global pollution [4]. The amount of these compounds 
should be lessened to deal any increasing legislative stan-
dards. These hazardous chemicals not only affect the 
microorganisms but also the humans especially the brain 
and body’s nervous system [5,6].

Nowadays many physiochemical methodologies are 
employed for the reduction of heavy metals from water 
bodies [7]. These includes membrane separation, chemical 
precipitation, photocatalysis and sorption etc. [8].

Although the above-mentioned approaches are effi-
cient but these also offer many drawbacks for example 
excessive use of chemicals, increase cost and generation 
of toxic sediments [9]. The biosorption approach is the 
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metal removal by the bio-origin substances [10–12]. This 
method, by utilizing agricultural waste and biological nat-
urally occurring substances, removes the metal contami-
nants from water [7,13–15]. Agricultural by products used 
as bio sorbents serve as an ecological friendly approach for 
removing the waste [16].

Nickel and copper have extreme toxicity even if present 
in trace amounts [17,18]. These metal ions are a source of 
various health concerns including cardio-vascular diseases, 
intestinal and gastro infections, lethargy, cancer, diabe-
tes, brain malfunctioning and liver and kidney disorders 
[19–21]. This study will test the use of novel biosorbent, 
Combretum indicum also known as Quisqualis indica and 
Rangoon creeper, for the very first time for the removal of 
copper and nickel ions. The sorption and kinetic studies of 
the Rangoon creeper plant for removal of these ions were 
studied and batch tests were applied.

The experimental results shows that the plant under 
study can efficiently be used for the removal of the targeted 
metal ions and also further pollutants from our environ-
mental on the larger scale as in various industries. This 
work done could prove as an excellent source for waste-
water treatment and will serve as a good addition in the 
bio-materials used for water purification as in its present 
raw form (C.I.) and also in its modified form where the 
biosorbent will be activated by some foreign chemicals. 
The targeted study achieved desired results, first regard-
ing the optimum parameters for the efficient removal of 
said metal ions by Combretum indicum. Secondly the sorp-
tion and kinetic studies were successfully examined to 
find out the rate and progress of the reaction.

2. Materials and methods

2.1. Preparation of the biosorbent

In this proposal the Combretum indicum was used as a 
plant biosorbent, targeting nickel and copper metal ions. 
The plant (whole biomass) was collected from different areas 
of Lahore as it is easily grown as an ornamental plant and 
is widely available. Following the direct drying in sun, the 
plant was first thoroughly cleaned with the distilled water 
and dried in the oven at 70°C for 6 h. The dried mass was 
then grinded to a fine powder by using Biomass Hammer 
Mill Grinder (Model no: SG65×55) and then it was passed 
through 80-mesh sieve. The powder was washed with deion-
ized water multiple times until the color of the plant stopped 
leaching out [22]. Afterwards the biomass was dried in oven 
at temperature range of 65°C–70°C (until the powder com-
pletely dried). The dried biomass was stored in a dry place 
for further use.

2.2. Characterization of biosorbent

For analyzing the functional groups present on Combretum 
indicum multiple analysis were performed utilizing Fourier-
transform infrared (FTIR) spectrophotometer by KBr disc 
method (Perkin Elmer Spectrum RX1, Massachusetts, 
United States). The biomass was analyzed via FTIR both 
before and after the biosorption of the targeted copper and 
nickel metal ions. To study the morphology of the plant 

adsorbent and the morphological changes happened upon 
the metal sorption, the loaded and unloaded plant material 
was subjected to scanning electron microscopy (SEM) anal-
ysis accompanied with the energy-dispersive X-ray analysis 
(EDX). SEM-EDX (SEM JSM-IT100) combined gave a better 
insight into not only the plant morphology but also about 
the elemental constitution of the material under study [23].

The biosorbent (both loaded and unloaded) was ana-
lyzed also by thermogravimetry (TGA-SDT Q600), for a 
better understanding towards the plant thermal properties 
and its compositional degradation [24]. To comprehend 
the specific surface area and also the adsorptive power 
(physisorption) of Combretum indicum, it was characterized 
by Brunauer–Emmett–Teller (BET) surface area analyzer 
(NOVA 2200e Make by Quantachrome, USA) [25]. The 
crystalline composition of the said adsorbent was studied 
by the analysis done by X-ray diffraction analysis utilizing 
JDX-3532, JEOL (Japan) XRD analyzer [26].

2.3. Preparation of the metal ions’ solutions (sorbate)

Ni(II) and Cu(II) stock solutions of 1,000 ppm were pre-
pared with the deionized water by using analytical grade 
(Merck, Germany) nickel nitrate and copper nitrate respectively. 
Testing standards of various concentrations were prepared 
by diluting the original stock solutions of nickel and copper.

2.4. Apparatus and analysis technique

Ni(II) and Cu(II) solutions were analyzed by atomic 
absorption spectrophotometer (Perkin Elmer AAnalyst 100) 
at 232.0 and 324.8 nm, respectively.

Batch experiments were carried out in the conical flasks 
of 250 mL by shaking them on the orbital shaker (VORTEX 
Model No: OSM-747). The solutions’ pH was adjusted 
by using 0.1 M NaOH and 0.1 M HCl solutions with the 
assistance of digital pH meter (ADWA, 130).

2.5. Batch biosorption experiments

Multiple experiments were performed using the 50 ppm 
of the nickel and copper solutions. The effects of different 
parameters were studied, that is, adsorbent dose, tempera-
ture, pH, contact duration, initial metal ion concentration 
for the uptake of heavy metal from their respective solu-
tions by adsorption. Effect of change of one parameter was 
observed keeping all other constant and then calculated 
the optimized condition of that parameter at which its 
absorption capacity was optimum. Optimized conditions 
for absorption of Ni and Cu were checked by changing the 
measurement criteria such as pH value ranging from (1–8), 
time of contact of metal and adsorbent (5–45 min), range of 
the set temperature (10°C–70°C) and concentration of metal 
ions initially were ranged between (20–180 ppm). For the 
evaluation of the concentration of Ni and Cu in the solu-
tion, filtration was carried out of the processed solutions 
first and then the resultants were analyzed by subjecting 
the samples to flame atomic absorption spectrophotome-
ter. The obtained results were then quantified against stan-
dard solutions of their respective metal ions. The sorption 
capacity of metal ions was calculated using formula:
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where ‘m (mg)’ is the dose of the plant adsorbent, qe (mg/g) 
indicates the biosorbent uptake capacity, C0 (mg/L) is the 
starting initial concentration and Ce (mg/L) is the concen-
tration at equilibrium of the metal ions and ‘V (mL)’ is the 
volume of solution studied.

2.6. Equilibrium study

Working solutions of Ni(II) and Cu(II) of varying 
concentrations ranging from (20, 40, 60 to 180 ppm) were 
prepared. Aliquot (50 mL) of each was taken and subject 
to adsorption under the optimum conditions gained from 
process parameter study of the concerned metal ions. 
Famous equilibrium models including Freundlich model 
and Langmuir model were employed on the gained results 
to evaluate the equilibrium data and their optimum param-
eters were computed from respective plots [27]. For lin-
ear and nonlinear plotting Microsoft Excel 2013 software 
was used. All experiments were carried out thrice and 
the mean of the resultant values are reported. Root mean 
square error (RMSE) and regression analysis (R2) have been 
calculated to study the error of predicted models and the 
stability of mathematical models. RMSE is calculated by 
dividing the sum of squares of difference between exper-
imental data qe(exp) and model predicted qe(cal) for metal 
adsorption to number of data points (N) then square root of 
this obtained data was taken.
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3. Results and discussion

3.1. Surface analysis by SEM

Bulk density of the biosorbent was 0.15 g/cm3. The 
changes in the surface morphology of the biosorbent can be 
easily detected by using SEM, as this method gives qualita-
tive knowledge of the structure of the surface [28].

Fig. 1a represents the morphology of the biomass sur-
face and Fig. 1b and c explain the Ni(II) and Cu(II) loaded 
biomass. The difference in surface roughness in the con-
cerned figures affirms the attachment of the metal ion to the 
biosorbent surface [29].

3.2. Inspection by FTIR

Also, the metal loaded and unloaded plant biosorbent 
Combretum indicum was subjected to FTIR analysis. FTIR 
spectra obtained gave the information regarding the mul-
tiple functional groups present in the plants that may be 
responsible for binding the metal ions to the plant. FTIR 
analysis of the raw biosorbent and of the Cu(II) loaded and 
Ni(II) loaded is shown in Fig. 2. The broad peak appeared 
at 3,287.34 cm–1 indicated the presence of hydroxyl group. 
A sharp peak appeared 1,745.28 cm–1 indicated the presence 

of carbonyl group and peaks appeared at 1,228.14; 1,188.47 
and 1,021.09 cm–1 indicated the presence of carboxyl 
group on the surface of biosorbent. All the said funct-
ional group contain electronegative oxygen that may res-
ponsible for metal attachment to the biosorbent surface.

3.3. Biosorbent analysis by thermogravimetry

A very important and vital analytical analysis that 
is globally carried out to investigate the thermal aspects 
of many carbonaceous plant materials is thermogravi-
metric analysis [30]. The results obtained from TGA give 
us thorough knowledge of the changes happening in 
the natural materials with the changing temperatures 
and how well a material can work under variety of ther-
mal conditions [31]. The information obtained can guide 
us about the thermal stability and degradation of the 
subjected samples. Combretum indicum was analyzed to 
check the thermal endurance by using TGA for the vary-
ing temperatures ranging from 27°C to 900°C. Nickel and 
copper loaded plant-sorbents were also subjected to ther-
mogravimetric analysis (Fig. 3). TGA results obtained 
the usual reported mass loss of the biosorbent in three  
stages.

• The first degradation of the plant material was observed 
below 200°C, which may indicate the removal of water 
molecules adhered physically to the Combretum indi-
cum. The loss in the overall mass of the plant may 
also have occurred due to the degradation of the vol-
atile substances that were present in the taken plant 
sample, for temperature up to 200°C.

• The next degrading pattern observed around the tem-
perature of 400°C, which was maybe due to the break 
down and decomposition of the hemi cellulosic and 
cellulosic constituents of the plant anatomy along with 
the lignin present.

• The further mass decomposition in the third stage was 
due to the degradation of the carbonaceous matter left 
in the plant structure. This was observed around the 
temperature of 500°C and above [32].

• The increased thermal endurance and degradation 
observed at relatively higher temperatures was seen in 
the results of metal loaded biosorbent, indicating the 
metal adhered to the plant [33].

3.4. Analysis by EDX

Combretum indicum was subjected to EDX analysis 
both before and after the metal attachment. The analyzed 
results displayed the addition of targeted Ni(II) and Cu(II) 
on the plant. The mapping of EDX is shown in the dia-
gram. Fig. 4a displays the peaks given by the plant before 
it adsorbed metal ions, showing that the calcium, cop-
per, oxygen and carbon are the main constituents of C.I. 
Whereas upon interaction with metal the result indicates 
the incorporation of Cu(II) (Fig. 4b) and Ni(II) (Fig. 4c). 
This affirms the efficient attachment of the targeted metal 
ions with the active sites present in C.I. and ensures that 
the biomass could be efficiently used for the removal of the 
respective metal ions.
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3.5. Brunauer–Emmett–Teller surface area analyzer

The adsorption done by a plant material is a complex 
procedure done in multiple, gradual steps. That’s why there 
are variety of aspects that affect the uptake of the sorbates by 
the sorbents, one of the very important aspect is the size of 
the sorbent pores [34]. The general reported sizes of the pores 

are macropores, mesopores and micropores with diameters 
ranging from >50 to <2 nm, respectively [35]. By looking 
into the surface chemistry of the Combretum indicum by the 
BET analyzer we can easily understand the adsorption of 
nickel and copper ions [32].

As per the results, Combretum indicum showed prom-
ising results as it was found to have a prominent and vast 

(a)                                                                   (b)

(c)
Fig. 1. SEM image of Combretum indicum (unloaded) at ×100 μm magnification, Cu-loaded biosorbent at ×100 μm magnification, 
Ni-loaded biosorbent at ×100 μm magnification.
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surface area and wide pore size arrangement. The BET sur-
face area of the analyzed plant adsorbent is 51.438 m2/g. 
also for Combretum indicum the single point average pore 
volume of pores in total was 14.9558 cm3/g (Table 1). 
The obtained data was very desirable for the removal of 
the metal ions from their solution medium with the help of 
adsorption process.

3.6. Effect of adsorbent dose

The uptake of the metal ions from their respective 
solutions with the change in the adsorption dose was stud-
ied with the help of multiple experiments done in series. 

The gathered results are displayed in Fig. 5a (removal of 
nickel) and 5b (removal of Cu). As shown in the figure it 
can clearly be seen that the uptake capacity of the adsor-
bent has raised with the increase in its concentration. This 
increasing trend of the sorption starting to decrease once 
after the saturation point. The initial increase in adsorption 
with increasing dose depicts the availability of more active 
binding sites in the biomass for the metal ions attachment. 
However, after the specific value of biomass the adsorp-
tion started to decrease, showing the aggregation or the 
coagulation of the plant biomass, resulting in the less avail-
able active sites for the metal ions [28]. This step makes 
it clear that, what is the trend of the quantitative binding 
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Fig. 3. TGA analysis of unloaded and metal loaded C.I.
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(a)

(b)

(c)

Fig. 4. (a) EDX of unloaded C.I., (b) EDX of Cu(II) loaded C.I., and (c) EDX of Ni(II) loaded C.I.
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capacity of the said biomass for the both targeted metals. 
The trend was found different for both Ni(II) and Cu(II) 
ions. The optimum adsorbent dose was taken as 0.5 g for 
both the metals respectively.

When the adsorbent was present in low concentration, 
the ratio of metal ions uptake and the available binding 

sites was high. So, all the targeted Ni(II) and Cu(II) ions 
were attached to the binding area of the adsorbent [27]. 
This ratio started to decrease when the adsorbent con-
centration increased, this decrease in the ratio is due 
to the less metal ions’ attachment as most of the active 
sites are already occupied [18].

3.7. Adsorption of metal ions as a function of contact time

This process parameter is very important to gain 
knowledge regarding the optimum time that is neces-
sary for the removal of heavy metal ions. It has been 
discussed in different researches that adsorption process 
happens in dual/bi phases [36]. During the first step, a 
rapid continuous increase in the capacity of the biosor-
bent is observed. This may be observed due to excessive 

Table 1
Surface properties of Combretum indicum

Surface properties Values

BET surface area 51.438 m2/g
Single point average pore volume 14.9558 cm3/g
Cross section 16.200 Å2
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Fig. 5. Effect of adsorbent dose on removal of (a) Ni(II) and (b) Cu(II).
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binding sites available initially at the surface of biosorbent. 
While in second phase the adsorption has been observed 
in a decreasing pattern because the initial unoccupied sites 
at surface were accumulated by the metal ions. The same 
pattern was observed for both the metals taken. The opti-
mum time was found to be 25–30 min in both the cases. The 
maximum time of equilibrium achieved at 25 and 30 min 
with a maximum adsorption capacity of 3.67 and 3.46 mg/g 
for Ni(II) and Cu(II) respectively (Fig. 6a and b).

3.8. pH profile

The metal uptake capacity of the biosorbent is affected 
by the pH of solution. The degree of ionization, nature 
of the metal ions and the adsorbent charge can easily be 
explained by studying the change in pH [37]. Number of 
unsaturated active sites of the plant biomass are widely 
affected by pH variation. Series of experiments were 

performed by changing the pH of the working solution 
within the range of 1–10 by keeping the other factors con-
stant. The optimum value at which the adsorbent showed 
the maximum activity is acidic, that is, pH-5 as shown in 
Fig. 7a and b. Increase in the pH resulted in increase of the 
percentage removal of the metal ions, this happened due 
to the removal of protons from the binding sites of the 
biosorbent. This deprotonation with varying pH resulted 
in the more available sites for the metal ions to adhere 
with the biomass. It was also observed that after a spe-
cific limit the adsorbent metal uptake decreased due to 
the metal-OH formation which resulted in the precipita-
tion of the metal ions. The maximum efficiency is shown 
by the biosorbents generally at slightly acidic pH [38].

While at the high acidic pH the cations were repelled 
by the already saturated protonated areas in the biomass. 
This similar behavior is observed for other various biosor-
bents [39,40].
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Fig. 6. Effect of time on adsorption of (a) Ni(II) and (b) Cu(II).
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3.9. Adsorption kinetics

Optimum time for maximum adsorption of metal by our 
biomass by keeping all the other factors constant is studied 
and explained in Fig. 8a and b:

t
q k q

t
qt e e

� �
1

2
2  (3)

where qe (mg/g) and qt (mg/g) is the metal uptake capability 
of plant adsorbent at equilibrium and instantaneous time t, 
respectively. k1 (min−1) and k2 (g/mg/min) are the constants of 
pseudo-first-order reaction and pseudo-second-order reac-
tions respectively. According to pseudo-first-order, biosorp-
tion rate is directly related to number of available active sites 
but according to pseudo-second-order model, the adsorption 
is directly related to square of biosorption sites and to the 
concentration of metal ions [29,41]. The regression analysis 
shows that the R2 value for pseudo-first-order is less than 
0.98 but for pseudo-second-order it is equal to 1 suggesting 

that kinetic data fulfils the pseudo-second-order kinetics not 
the pseudo-first-order. In addition to that, the calculated 
and experimental qe values considerably varies for pseu-
do-first-order but quite resembles for pseudo-second-order 
model, reinforcing the statement above [42]. Result data of 
pseudo-second-order and pseudo-first-order is given in 
Table 2.

3.10. Thermodynamics

The metal uptake of the biosorbent is a temperature 
dependent phenomenon and generally temperature plays 
as an important factor to be studied while understanding 
the thermodynamics of the biosorption. Fig. 9a and b illus-
trate that the metal sorption by the under-discussion plant. 
Combretum indicum adsorption capacity gradually ascended 
with ascending temperature, that was controlled with the 
help of a hotplate stirrer (Scilogex SCI340). This increase 
in the trend is observed probably either by the availability 
of active and more metal attaching sites with the tempera-
ture increase or because of the increased rate of metal ions’ 
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Fig. 7. Effect of pH on adsorption of (a) Ni(II) and (b) Cu(II).
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diffusion. The same behavior has also been observed in the 
reported literature of similar research [43].

Different parameters were evaluated while undergo-
ing the thermodynamics of our research. Those included 
enthalpy variation (ΔH°), variation in Gibbs free energy 

(ΔG°), and the change in entropy (ΔS°) [44]. Following are 
the equations used for the evaluation of the above-mentioned 
frameworks. This illustrated that what actually is the nature 
of the procedure of the adsorption:

� � �G H T S� � � �  (4)

�G RT KD� � � ln  (5)

lnK S
R

H
RTD �

�
�

�� �  (6)

where T is the temperature for the medium K and R rep-
resents the universal gas constant (8.314 J/mol K).

Also, the distribution coefficient’s value was also cal-
culated by incorporating the following equation, (C0 and 
Ce depict initial metal ion and equilibrium concentrations 
respectively).

K
C C
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o e

e
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Table 2
Kinetic parameters for the removal of Ni(II) and Cu(II) by C.I

Model Parameter Ni(II) Cu(II)

Pseudo-first-order

k1 (min–1) 0.100 0.140
qe(cal) (mg/g) 3.101 4.241
qe(exp) (mg/g) 3.679 3.468
R2 0.932 0.939
D% –15.741 22.201

Pseudo-second-order

k2 (min–1) 0.042 0.031
qe(cal) (mg/g) 4.331 4.372
qe(exp) (mg/g) 3.679 3.468
R2 1 1
D% 17.690 26.031
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Fig. 8. Pseudo-second-order kinetics for (a) Ni(II) and (b) Cu(II).
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Thermodynamic parameters which are obtained from 
the above equations are given in Table 3. Negative value of 
Gibbs free energy change (ΔG°) for adsorption of copper 
and nickel shows the feasibility of process and also indi-
cates that reaction is spontaneous [45]. A positive value of 
enthalpy change indicates that the process of adsorption is 
endothermic in nature. This verifies the correct findings of 
experiment. Positive value of entropy change (ΔS°) shows 
increase in randomness at solid-solution interface during 
metal adsorption [28].

3.11. Effect of initial metal ions concentration and 
equilibrium modeling

The biosorbent and the sorbate relation explains the 
optimization and scaling of the procedure of the biosorp-
tion. To have a complete understanding of the adsorption 
process we take help from the adsorption isotherms, from 
non-linear equilibrium models and then also consider the 
qmax value. The comparative efficiency of different biosor-
bents for the removal of Ni(II) and Cu(II) has been men-
tioned in Table 4.

For the evaluation of the adsorption studies of the pres-
ent studies, Freundlich and Langmuir models were used 
[46,47]. This nonlinear modelling was implied on the results 
gathered at equilibrium by variating the starting metal ion 
concentration at a constant dose of the adsorbent (Fig. 10a 
and b). The RMSE values obtained as a result were compared 
to illustrate that which model was supported by which tar-
geted metal ion. Table 5 shows the RMSE values collected 
from the graphs.

q
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As shown in Table 5 the value of the qmax informs us about 
the single-layered capacity and this information is given by 
Langmuir isotherm model [48]. According to the Langmuir 
model when the active binding sites of the biosorbent get 
occupied by the sorbate (metal ion in our research) then 
there will be no further adhering. So, with the increasing 
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Fig. 9. Temperature studies of (a) Ni(II) adsorption and (b) Cu(II) adsorption.



A. Tahir, M. Salman / Desalination and Water Treatment 270 (2022) 127–141138

distance the bonding between sorbate and the binding sites 
decreases. Active sites on each molecule are independent of 
the adjacent molecules [45].

While Freundlich model looks into the systematics of 
the divergent system, according to this model the sorbates 
are capable of making various layers on the biosorbent’s 
divergent surface. In the present research Cu(II) displayed 
a greater KF value as compared to Ni(II), so we can deduce 
that Cu(II) displayed a greater strength in terms of attrac-
tive forces with Combretum indicum. Cu(II) and Ni(II) dis-
played a high ‘n’ value, showing strong attraction inten-
sity [49]. The linear interaction between Combretum indi-
cum and Ni(II) and Cu(II) is shown by ‘n’. The calculated 
value of n for Ni(II) was 1.303 while for Cu(II) it was 1.796. 
The value of calculated ‘n’ is considered good if it comes 
in the range of 1–2, indicating a good adsorption intensity 
[50]. So, the values obtained in the present research were 
in good accordance to the literature already reported.

Also, the RMSE values obtained from the non-linear 
equilibrium data displayed that the values in case of both 
Langmuir and Freundlich models were less than one. But 

both Ni(II) and Cu(II) showed more potential towards 
the Freundlich model in comparison to the other isother-
mal models, as the RMSE values for the Freundlich model 
were less than the Langmuir model. The RMSE values 
for Ni(II) was 0.169 and for Cu(II) it was 0.166 respec-
tively for the afore mentioned model. Table 5 displays a 
comparative study of the maximum adsorption poten-
tial of various biosorbents and Combretum indicum for the 
both in study metal ions.

4. Conclusion

The novel plant Combretum indicum has been proved as 
an excellent biosorbent for the uptake and removal of Ni(II) 
and Cu(II) from their aqueous solutions. The said biomass 
was studied and characterized in detail via multiple analyz-
ing techniques including SEM-EDX, TGA, BET surface anal-
ysis and FTIR. The data gathered was coherent and in favor 
of the metal uptake by our targeted adsorbent. The function-
ing ability of the biosorbent was studied by different pro-
cesses including change in the metal ion initial concentration, 

Table 3
Thermodynamic parameters for the removal of Ni(II) and Cu(II)

Metals Temperature (K) ΔG° (kJ/mol) ΔH° (kJ/mol) ΔS° (kJ/mol)

Ni(II)

283.160 –0.910

19.990 0.070

293.160 –1.990

303.160 –2.750

313.160 –3.300

323.160 –4.050

333.160 –4.780

Cu(II)

283.160 0.690

26.010 0.090

293.160 –0.350

303.160 –1.430

313.160 –2.200

323.160 –2.990

333.160 –3.870

Table 4
Comparison table for the efficiency of biosorbents

Metal Biosorbent qmax (mg/g) References

Cu(II)

Sodium alginate polyvinyl alcohol fungus beads 1.107 [51]
Neem wood powder 1.90 [52]
Wheat straw 5.5 [53]
Araucaria heterophylla 9.250 [21]
Present study (Combretum indicum) 12.1

Ni(II)

Banana peels 5.13 [54]
Pine tree bark 20.58 [55]
Lagenaria vulgaris 23.18 [56]
Lemon peel 36.74 [14]
Present study (Combretum indicum) 27.8
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adsorbent dose, time of contact, pH, varying temperature. 
After the thorough analysis the optimum dosage of C.I. was 
found to be 0.5 g/50 mL for both adsorbates, the optimum 

time of contact was 25 min for Cu(II) and 30 min for Ni(II) 
metal ions. Optimum pH was found to be acidic. The maxi-
mum adsorption capacities for Ni(II) and Cu(II) were found 
to be 27.8 and 12.1 mg/g respectively. Equilibrium model-
ing revealed that experimental data fits best in Freundlich’s 
isotherm for both metals. Parameters like R2, RL, and RMSE 
also support the fitness of Freundlich isotherm. Kinetics 
modeling shows that data was followed by the pseudo-sec-
ond-order rate equation indicating the limited rate step  
mechanism.
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Table 5
Equilibrium modelling for removal of Ni(II) and Cu(II) by C.I

Model Parameters Ni(II) Cu(II)

Langmuir

qmax (mg/g) 27.811 12.165
b (L/mg) 0.030 0.067
RL 0.619–0.153 0.427–0.076
R2 0.996 0.999
RMSE 0.258 0.287

Freundlich

KF 1.042 1.181
n 1.301 1.800
1/n 0.767 0.556
R2 0.987 0.987
RMSE 0.168 0.165
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Fig. 10. Non-linear equilibrium studies of (a) Cu(II) and (b) Ni(II).
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